ABSTRACT
Introduction
Being globally important, oilseed crop cultivated sunflower (Helianthus annuus) was subjected to the intensive molecular genetics and genomics studies during the last two decades. One of the major challenges facing the sunflower production is the control of the diseases. The best way to cope this problem is to develop new cultivars with improved resistance to main pathogens utilizing the genetic resources of cultivated and wild Helianthus species. Genus Helianthus is native for temperate North America and contains 14 annual and 37 perennial species. Wild species are characterized with a high genetic diversity as a consequence of their adaptation to the wide range of environment during their spread. They harbor a significant variability in respect to a number of traits such as disease and pest resistance, quality of the seeds and a composition of compounds in the seeds, thus providing a valuable source of a variety of useful genes for breeding. The process of development of breeding lines that harbour the important agronomic traits from the wild counterpart has advanced by discovering of molecular markers that are linked to the loci determining the corresponding traits, and the application of these markers in breeding programs for the selection of plants harboring the trait of interest (marker assisted selection, MAS). Downy mildew, caused by fungal pathogen Plasmopara halstedii, is one of the major diseases in sunflower that can lead to significant losses of yield, reaching over more than 50%. The control on the disease is achieved by spraying with fungicides and seed treatment procedures. Breeding for resistance is considered as the most effective method for the achievement of low cost and environmentally friendly production.
Genes controlling resistance to downy mildew in sunflower and markers associated with the loci for resistance The resistance to Plasmopara halstedii is known to be controlled by the dominant Pl genes, grouped in clusters, each conferring resistance to different races. Such a resistance was introgressed from wild H. annuus (21) , or from other Helianthus species (8, 20, 21) . Miller and Gulya (8) described three Pl loci: Pl6 from H .annuus, Pl7 from H .praoxes and PL8 from H. argophyllus. Most of the earlier identified Pl genes were discovered and mapped in the frame of genetic linkage maps, established during the last decade of the past century, based on RFLP or RAPD markers. So far, a number of genetic linkage maps of sunflower, varying in density and the used markers, were developed. The first genetic maps were based on RFLP (1, 2, 12, 13, 17) or RFLP and AFLP (9, 27) . The development of a large set of microsatellite markers (simple sequence repeats, SSRs) (9, 35, 36, 40) (http:// compositdb.ucdavis.edu) allowed the construction of high density microsatellite maps (36, 41, 42) . The first map based entirely on SSRs was established by Tang et al. (36) . It spanned 1363 cM with a mean density of 3.1 cM per locus, providing framework for cross-reference between already established genetic maps. Further, it was saturated, resulting in what is presently the most comprehensive framework map, developed (4, 29) , that corresponds to the LG13 of the map of Yu et al. (42) ; PL6 was mapped on LG1 (38) , which corresponds to LG8 of Yu et al. (42) . The genetic analysis showed that the Pl6 locus from wild H. annuus is split in two distinct genetic loci, one conferring resistance to races 100 and 300, and the secondto races 700, 703 and 710 (38) . Further, PL6 was mapped by SSRs on LG8 (25) . Pl2 locus and SSR marker linked to it were located on LG8 in an AFLP/SSR based linkage map (18) . Pl12 gene was characterized by Rahim et al. (31) . Recently, a new gene denoted Pl13 that confers resistance to nine races of P. halstedii was discovered in LG1 and two SSR markers closely linked to this gene were identified (23) . Plarg locus, introgressed from H. argophylus, different from PL8 was mapped on LG1 (8) . The first QTLs that underline disease resistance, identified in RILs and mapped on LGs 1, 9 and 17 in an AFPL based map of sunflower, have been reported by AlChaarani et al. (28) .
TOWARD MARKER ASSISTED SELECTION FOR FUNGAL DISEASE RESISTANCE IN SUNFLOWER. UTILIZATION OF H. BOLANDERI AS A SOURCE OF RESISTANCE TO DOWNY MILDEW
Genetic analyses of sunflower response to the attack of P. halstedii suggested gene-for-gene defence mechanism. The R genes in plants that control this defence against a variety of pathogens are known to be involved in the pathogen recognition that activates the signal transduction and switches on the defence mechanism. Most of the R genes that have been isolated to date from different plant species, have a conserved nucleotide-binding site (NBS) and a leucine-rich repeat (LRR) domains. The NBS region is forwarded by either a coiledcoil (CC) or Toll-interleukin1 receptor (TIR) domain, which divides the NBS-LRR genes in two classes, CC and TIR-NBS-LRR. The clusters of NBS-LRR genes were identified in PL1 locus (9) , in PL6 (TIR-NBS-LRR class) (3) and in PL5/PL8 (CC-NBS-LRR class) (29, 30) . The cloned genes were used for development of 13 RGA based markers within PL6 (3) and 14 STS (sequence tag sites) markers within the Pl5/Pl8 locus (29, 30) . SSR markers, closely linked to PL6, PL13 and PLarg genes were also identified (8, 23, 25) .
The identified molecular markers linked to the Pl genes could be used in breeding programs for pyramiding different Pl genes into one breeding line. However, due to the rapid changes in the virulence of P. halstedii, most of the resistance genes had been overcame by the newly emerged races of the pathogen. Up to now, more than thirty races of P. halstedii have been identified (14) . This imposes the necessity to search for a new source of resistance to downy mildew that can be exploited for the development of breeding lines harbouring resistance to P. Halstedii.
Presently, MAS may take an advantage from the large collection of molecular markers developed in sunflower. The expressed sequence tags (ESTs) represent an important source for development of functional markers associated with different traits, including such for disease resistance. The ESTderived SSRs were found to be highly transferable between Helianthus species (26) . During the last decade more than 800 000 ESTs have been developed for several species within Compositaceae, including both cultivated and wild sunflowers (http://www.ncbi.nlm.nih.gov), thus providing a source for development of EST derived markers, such as SSRs (26), Indel (15) and SNPs (19) .
Towards development of sunflower inbred lines with improved resistance to downy mildew through utilization of H. bolanderi as a source of resistance Sunflower is the most important oil crop in Bulgaria. Downy mildew caused by fungus P. halstedii is one of the major diseases that severely affect the sunflower production. The most widely spread races of the pathogen in Bulgaria are 700, 300 and 100 (32) . During the last decade, the extensive breeding programs, established in Dobrudja Agriculture Institute (DAI), were focused on improvement of the disease resistance and the quality of sunflower through intraspecies and interspecies hybridization (5, 6, 7, 24) . Recently, two new breeding lines, 2530R and 2534R, were developed in DAI, which originate from interspecies hybrid obtained by cross between Helinathus annuus L. and Helianthus bolanderi Gray 009 (16) . Helianthus bolanderi Gray is a wild annual diploid species, found in the dry soil of low fields and foothills from southern Oregon to south central California (32) . The two lines, in F8 generation, harbor several new traits, including resistance to downy mildew. The described breeding lines represent a new source of resistance to downy mildew, which has not been reported so far.
The research launched to the development of sunflower breeding lines with improved resistance to fungal pathogens through MAS is initiated in ABI in the frame of project DO02-105 "Centre for Sustainable Development of Plant and Animal Genomics". The project aims at: 1) identification and mapping of chromosomal regions/markers introgressed from the H. bolanderi in lines 2530R and 2534R, that underlie the resistance to P. halstedii and other agronomic traits; and 2) development of new resistant breeding lines , based on lines 2530R and 2534R ,with improved agronomic characteristics.
The genomic constitution of the two inbred lines was determined trough microsatellite analysis. Twenty seven SSR loci that originate from the Helianthus bolanderi were obtained from the two lines, 2530R and 2534R (37) . The ongoing analysis of two F2 segregating populations, established by the cross between line HA89 (susceptible) and lines 2530 and 2534 (resistant), with SSRs and already established markers associated with loci for resistance, aimed at the identification of these loci that were introgressed from H. bolanderi, and underlie the resistance to downy mildew, as well as molecular markers, associated with them. Further saturation of the identified H. bolanderi regions with markers derived from coding sequences, such as ESTs derived SSRs and SNPs, will allow us to confirm the functional role of the introgressed loci.
